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BRAKE APPLY SYSTEM WITH A DIFFERENTIAL
MECHANISM

The invention herein described was made in the
course of work under a contract or subcontract there-
under with the Department of the Army.

BACKGROUND OF THE INVENTION

This invention relates to brake apply systems and
more particularly to brake apply systems having a sin-
gle input and two output members with a differential
action therebetween.

In most track laying vehicles, mechanical brake apply
systems are utilized to actuate the service brakes for the
vehicles. These brake systems require a torque splitting
differential actuator, such that equal brake application
will occur at the tracks, even though there might be
unequal clearance between the brake shoe and the brak-
ing surface.

Prior art torque splitting devices have used gear dif-
ferentials or ball spline mechanisms to establish the
differential action between two brake output members.
While these devices are capable of satisfactorily provid-
ing the differential action, they do require substantial
axial space in the vehicle. These devices also require a
number of components which require close tolerance
machining, resulting in increased cost and complexity
of assembly.

Ball spline torque splitting mechanisms, such as that
shown in U.S. Pat. No. 3,333,483 issued to Maci et al.
Aug. 1, 1967, require many components in the assembly.
The mechanism must provide sufficient length to permit
recirculation of the balls in the spline track. Also, a
considerable amount of machining is required to pro-
duce the spline track, and the balls will generally be
chosen to have substantially the same diametral dimen-
sion in each assembly. The dimensional requirement
necessitates inspection and sorting prior to assembly,
thus adding to the overall cost of the assembly.

SUMMARY OF THE INVENTION

The present invention provides a torque splitting
differential brake actuator assembly in a compact axial
space. The assembly can be produced with seven basic
components, including a pair of driven members, a
drive member and four balls which operate as cam
drivers. There will, of course, be rotary shaft members
connected between the driven members and the con-
ventional brake apply members. However, these rotary
shafts are required, regardless of the type of torque
splitting differential used.

The balls or cam drivers are carried in openings in the
drive member and are engageable with cam surfaces
formed in the driven members. When the drive member
is rotated, the balls are driven into engagement with the
cam surfaces on the driven members, resulting in the
rotation of the driven members. The driven members
are connected to operate brake actuating members such
as cams.

When brake is fully applied, its respective actuating
member will cease movement and therefore prevent
rotation of the respective driven member. If the brakes
are fully applied simultaneously, the driven members
will also be stopped from further rotation simulta-
neously. However, in most instances, one brake will
generally need slightly more movement for full applica-
tion.
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In this event, the fully applied brake will stop its
respective driven member which will in turn provide a
reaction member for the system. Continued rotation of
the drive member for full application of all brakes, will
result in the balls moving relative to the cam surfaces
and the drive member so that through a differential
action, one driven member will continue to rotate until
its respective brake is also fully applied.

The cam surfaces, for simplicity, can be viewed as
ramps. When one drive member stops, the balls will
move up the ramps on the stopped member, while mov-
ing down the ramps on the driven member that contin-
ues to rotate. This creates the differential action be-
tween the output members.

The balls will move in the openings in the drive mem-
ber in a direction substantially parallel to the axis of
rotation of the drive member. However, the axial dis-
tance between the driven members will not change; and
the movement of the ball member is accommodated by
relative angular movement of the driven members.
When the brakes are released by the operator, the drive
and driven members will return to their original posi-
tion with the balls being substantially centered axially
between the driven members.

It is therefore an object of this invention to provide
an improved axially compact brake apply mechanism
wherein a torque splitting differential is operable to
permit relative movement between separate brake apply
members during brake application.

It is another object of this invention to provide an
improved brake apply mechanism for a multiple brake
system having a torque splitting differential, wherein an
input member is coupled to a pair of driven members
through ball cam drivers on the input and cam surfaces
on the output, and wherein the ball cam drivers will
move axially relative to the input member and enforce
relative rotation between the driven members when it is
necessary to increase the torque to one member or oth-
erwise split the torque to achieve full brake application.

These and other objects and advantages of the pres-
ent invention will be more apparent from the following
specification and drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional elevational view of a torque
splitting differential brake apply mechanism incorporat-
ing the present invention.

FIG. 2 is a view taken along line 2—2 of FIG. 1.

FIG. 3 is a view similar to FIG. 2 showing the output
members after relative rotation has occurred.

FIG. 4 is an elevational view of one of the output
members showing the cam surface machined therein.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawings, wherein like characters
represent the same or corresponding parts throughout
the several views, there is seen in FIG. 1 a torque split-
ting differential brake apply mechanism generally desig-
nated 10. This mechanism 10 has a rotary input member
12 driven by a gear 14 which in turn is controlled by an
operator, not shown. The input member 12 is rotatably
supported on a pair of output or driven members 15 and
16 by a pair of bearings 17 and 18. The output members
15 and 16 are rotatably supported in a housing structure
19 by respective bearing members 20 and 21.

The input member 12 has formed therein a plurality
of apertures in each of which is disposed a ball or cam
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driver 24. The apertures 22 have a diameter slightly
larger than the diameter of the balls 24. The output
member 15 has an inner spline surface 26 through which
the member 15 is drivingly connected with a shaft mem-
ber 28 which in turn is connected with a conventional
brake apply mechanism 30.

The driven member 16 has a splined inner surface 32
through which it is drivingly connected to a shaft 34
which in turn is drivingly connected to a conventional
brake apply member 36. The brake apply members 30
and 36 will generally be cam members, which upon
rotation of the respective shafts 28 and 34, will cause the
energization or actuation of conventional brake shoes
or friction pads (not shown). These brake shoes or pads
are well known devices as is their cooperation with a
rotating member to cause braking of a vehicle. These
brake devices do not form a part of the invention and it
is not considered necessary at this point that a further
discussion or description is required.

When the operator rotates the gear member 14, the
gear member 12 will also rotate. The cam drivers 24 are
driven about a longitudinal support axis 38. The cam
drivers 24 will engage the driven members 15 and 16
and cause rotation of these members. The rotation of
members 15 and 16 will result in actuation of the brake
members 30 and 36.

In FIG. 4, the driven member 15 is seen to have
formed therein four cam surfaces 40. These cam sur-
faces are identical. The driven member 16 has identical
cam surfaces formed therein and, as best seen in FIG. 2,
a cam driver 24 is disposed in the space formed by the
cam surfaces 40 on member 15 and a similar surface 42
formed on member 16. The cam surfaces 40 and 42 each
have respective ramp portions 44 and 46. In the neutral
or unbraked position shown in FIG. 1, the contact be-
tween cam drivers 24 and the ramps 44 and 46 of the
cam surfaces 40 and 42 is minimal. That this point, the
cam drivers 24 will be disposed in the deepest part of
the respective cam surfaces 40 and 42. The initial move-
ment of input member 12 urges the cam driver 24 into
full engagement with the ramps 44 and 46. This action
causes the output members 15 and 16 to move simulta-
neously as discussed above and shown in FIG. 2.

When the input member 12 is rotated, the balls 24 will
move into abutment with the ramp portions 44 and 46,
thus causing the driven members 15 and 16 to be rotated
simultaneously by the input member 12. If the brake
members 30 and 36 and their respective friction surfaces
are simultaneously applied, sufficient resistance will be
met by the operator input so that the system will reach
equilibrium with the brakes applied and the driven
members 15 and 16 will move through the same rotary
angle as seen in FIG. 2.

However, it is more likely that, due to wear or toler-
ances, one brake friction surface will be fully engaged
before the other. For this discussion, it will be assumed
that the brake surfaces associated with brake member 30
become fully engaged first. At this point, the driven
member 15 will cease to rotate. However, the input
member 12 will continue to rotate since sufficient resis-
tance has not yet been put forth to signal a full actuation
of the brakes. The continued rotation of the input mem-
ber 12 will result in each cam driver 24 moving along
the ramp 44 on the stopped member 15 and therefor
being forced axially relative to axis 38 against the ramp
46.

Since the ramp 46 and output member 16 have not
moved sufficiently to fully apply the brake ember 36,
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this axial movement of cam driver 24 will enforce con-
tinued rotation of the driven member 16. This results in
relative rotation between the driven members 15 and 16.
This relative rotation will continue until the brake sur-
faces associated with brake actuator 36 have fully ap-
plied the brake thereby establishing sufficient resistance
to prevent further rotation of the driven member 16.
This is the position of the torque splitting differential
mechanism shown in FIG. 3. Of course, if driven mem-
ber 16 was the first to be stopped, driven member 15
would continue rotation due to the axial movement of
cam drivers 24 in a direction toward cam surfaces 40 or
leftward, as viewed in FIGS. 2 and 3.

This torque splitting differential will accommodate
differential brake wear and assembly tolerances be-
tween the output brakes of a vehicle. The axial space
required is greatly reduced compared to a geared differ-
ential and is substantially less than that required by a
ball recirculating spline. The amount of differential
movement that can be accommodated is determined by
the diameter of the cam drivers 24 and the width of the
input member 12.

The cam drivers 24 are shown as spherical. They
could, of course, be cylindrical or wedge-shaped as long
as they are permitted to move axially relative to the
input member 12 within the cam surfaces 40 and 42.

When comparing the FIGS. 2 and 3, it can be seen
that the cam driver 24 has moved rightward from a
central position in the aperture 22 to a position offset to
the right in aperture 22. This movement of the cam
driver 24 permits the cam driver to move out of the
deep portion of cam surface 40 toward the end of ramp
44 and toward the deep portion of cam surface 42 and
down the ramp 46. It is this action that creates or per-
mits the differential movement between the driven
members 15 and 16.

From the foregoing, it should be appreciated that a
compact and simple torque splitting differential device
is proved while maintaining efficient brake application.

Obviously, many modifications and variations of the
present invention are possible in light of the above
teaching. It is therefore to be understood, that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A brake apply mechanism in a vehicle having two
independently operated brake mechanisms including a
brake apply member for each brake mechanism; said
brake apply mechanism comprising: a rotary input
member supported for rotation about an axis; a pair of
rotary output members operatively connected to re-
spective ones of the brake apply members; cam means
disposed on each of said output members; and cam
driver means operatively connected for rotation with
said input member for cooperating with both said cam
means for enforcing rotation of said output members,
said cam driver means being free for relative movement
parallel to the support axis to permit differential rota-
tion of said output members during brake application.

2. A brake apply mechanism in a vehicle having two
independently operated brake mechanisms including a
brake apply member for each brake mechanism; said
brake apply mechanism comprising: a rotary input
member supported for rotation about an axis and having
a plurality of operators radially spaced from the axis
and extending therethrough; a pair of rotary output
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members operatively connected to respective ones of
the brake apply members and each having a surface
facing the other; a plurality of cam surface means dis-
posed on each of said output members, said cam surface
means each comprised of a depression in the respective
output member and a portion extending from the de-
pression toward the facing surface of the respective
output member; and a plurality of cam driver means
including a movable element means disposed in a re-
spective aperture in said input member and pairs of said
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cam surface means in said output members and being
operatively connected for rotation with said input mem-
ber for cooperating with said pair of cam means for
enforcing rotation of said output members, said mov-
able element means being free for relative movement
parallel to the support axis and along the extending
portions of said cam surface means to enforce differen-
tial rotation of said output members during brake appli-

cation.
* * * * *



